Abstract : Determination of urinary hippuric acid and phenolic compounds of operators (n=33) working under relatively low concentration of toluene (average : 55 ppm) showed a good correlation between the hippuric acid and o-and p-cresol (r=0.58 and 0.72, respectively). p-Cresol was always detectable in the urine in contrast to o-and m-cresol, which were absent from the urine of 10% of the operators exposed to toluene.
INTRODUCTION
Toluene is a widely used industrial solvent. In the body it is metabolized mainly into benzoic acid, which is then conjugated with glycine and excreted via the urine as hippuric acid. Although the concentration of urinary hippuric acid is a useful indicator of toluene exposure,1-4) it is sometimes altered by the intake of K. KONO, et al. medicaments and foodstuffs which contain various amounts of benzoic acid or its precursors such as quinic acid. 4, 5) Formation of o-, p-and m-cresol after exposure to toluene was reported by several investigators.6-10 Angerero examined a group of print workers exposed to toluene, and suggested that, besides hippuric acid, a small amount of o-cresol was also synthesized from toluene. Pfafflin et al. determining the urinary o-cresol under varying toluene vapour exposure levels showed a linear relationship between the metabolite and the inhaled solvent.
In this paper, phenolic compounds in the urine of rats after experimentally injected [methyl-14C] toluene was measured to investigate the mechanism of toluene metabolism. We also examined the relationship between urinary phenolic compounds and hippuric acid at relatively low toluene exposure levels in order to clarify the usefulness of urinary cresol determination, in addition to hippuric acid, for biological monitoring and occupational health surveillance of toluene workers.
MATERIALS AND METHODS
Subject:
For the determination of urinary hippuric acid and cresol after toluene exposure, urine specimen of subjects (n=33) working in a relatively low toluene concentration environment (40 to 80 ppm, mean 55 ppm) for 5 to 6 hours per day in the electronics industry were studied. The workers were engaged in the washing process of glass bulbs for TV picture tubes, where toluene containing not more than 0.001% benzene was the sole solvent. Spot urine specimens were taken four times (8:00, 11:30, 13:00 and 16:00 hours) during a work day, either on Thursday or Friday.
For the investigation of the effects of medicament and food intake on the urinary excretion of hippuric acid and phenolic compounds, 0.2 g sodium benzoate or 350 ml soft drinks (e.g. cola) which contain sodium benzoate as a preservative were administered to healthy male volunteers aged 20 to 35 (n = 4). between the levels of excretion of hippuric acid and those of phenolic compounds. The concentrations of o-and p-cresol in the urine of toluene exposed workers showed statistically significant correlations with that of hippuric acid (r = 0.58 and 0.72, respectively).
The correlation coefficient between hippuric acid and m-cresol was not statistically significant (r = 0.28), since the concentration and the increase of urinary m-cresol during a work day were very small and this substance was not detectable in about 10% of the samples. No correlation was found between hippuric acid and phenol.
These results showed that not only hippuric acid but also o-and p-cresol were useful indexes of toluene exposure. A gas chromatogram (Fig. 2) of radioactive urine extract from a [methyl-14C] Table  3 . Radioactivity in the urinary phenolic compounds fractionated by gas chromatography Fig. 3 . Changes in urinary metabolites concentration in 4 healthy subjects after sodium benzoate (0.2 g) administration toluene administered rat, revealed an initial large peak followed by a tailing of the solvent. However, the peaks of internal standard (2,4-xylenol) and phenolic compounds were separated under the present chromatographic condition.
As shown in Table 3 , of the urinary phenolic compounds o-and p-cresol were strongly labeled indicating them to be the major metabolites of toluene besides hippuric acid. Although the radioactivity in the m-cresol fraction was relatively weak, it suggests this substance also to be a metabolite of toluene. In contrast to the radioactivity of cresol isomers, its level in phenol was wihin the background range, which means that phenol is not a biological metabolite of toluene.
Intake of 0.2 g sodium benzoate (Fig. 3) produced a relatively sharp increase in the concentration of hippuric acid in the urine, reaching a maximum concentration after 30 min to 1 hour. Compared with the high level excretion of hippuric acid in the urine, the concentrations of urinary cresol and phenol were not affected by the intake of food or drink.
DISCUSSION
When a worker is exposed to toluene, about 20% of the absorbed solvent is excreted through the lungs in unchanged form.1) The major portion, approximately 70 to 80% of toluene, is oxidized, conjugated and then excreted into the urine as hippuric acid.13) This fact is generally accepted as a proof of toluene exposure. Hippuric acid is also found in the normal urine being derived from natural focds, foodstuffs or medicaments containing benzoic acid and its precursors. Coffee beans and some kinds of vegetables and fruits contain benzoic acid and quinic acid. Japan's Food Sanitation Act allows the use of benzoic acid as a preservative for some soft drinks. In our study, the intake of 0.2 g of sodium benzoate or 350 ml of soft drink induced increase of urinary hippuric acid reaching over 3.5 g//. This value is equal to the average concentration in workers exposed to 100 ppm of toluene,14) which corresponds to the maximum allowable concentration suggested by the American Conference of Governmental Industrial Hygienist (ACGIH) and the Japan Association of Industrial Health (JAIH). Therefore, for evaluation of toluene exposure by determination of hippuric acid in spot urine, the intake of these foods should be controlled at the time of urine sampling.
The excreion of o-, p-and m-cresol in the urine of toluene exposed workers has recently been discussed. In our study, the amount of o-and m-cresol were very small probably because the workers were exposed to relatively low concentrations of toluene. A linear correlation, however, was found between the concentration of urinary hippuric acid and that of o-or p-cresol in these specimens. Furthermore, the amount of o-and p-cresol in the urine was not scarcely affected by the intake of soft drinks or medicaments which had pronounced effects on the level of urinary hippuric acid. It is commonly accepted that p-cresol is also a normal urinary constituent, and its relatively large fluctuations in its urine level are caused by individual differences in the characteristics of cresol metabolism of which control is difficult. In spite of this fact, p-cresol concentration in urine of the workers reflected faithfully their toluene exposure even at low concentrations as described above.
Daly et al. 15 ) mentioned that m-cresol seemed to be an unlikely intermediate as the result of toluene hydroxylation in the process of opening of toluene oxidation. In our study, the radioactivity in the urinary cresol isomers of [methyl-14C} toluene administered rat suggested that o-, p-and m-cresol were the metabolite of toluene. However, our data is too limited to be conclusive.
The results presented here indicate the measurement of urinary o-and p-cresol in addition to hippuric acid to be a useful indicaor for the occupational health care of toluene exposed workers.
